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Marks for this submission: 1.0/1.0. 

TOPIC: Pharmacokinetics 

LEARNING OBJECTIVE: 

To identify what occurs during phase | and phase Il metabolic reactions 
BACKGROUND: 


Xenobiotic metabolism is the metabolic pathways used to modify the structures and metabolize drugs and 
poisons. The vast majority of these pathways occur in the liver, however, most tissues are able to metabolize 
drugs and toxins to some effect. The metabolism of xenobiotics is often subdivided into three phases: 
modification, conjugation, and excretion. 


Phase | - Modification: A variety of enzymes are used to introduce reactive and polar groups into the 
substrate. Modification reactions can involve oxidation, reduction, hydrolysis, or socialization. The most 
common modification is catalyzed by cytochrome P-450 and is the hydroxylation of oxygen into a non- 
activated hydrocarbon. 


Phase II - Conjugation: The activated metabolites from phase | are then conjugated with a charged species. 
The charged species can be sulphate, glycine, glucuronic acid, or glutathione. These conjugated metabolites 
have higher molecular weights that are less active. 


Phase Ill - Excretion: Following phase II, the conjugated metabolites can be further modified. They are then 
excreted, with the conjugated groups acting as affinity tags for membrane transporters. The metabolites are 
actively transported out of the cell and into the extracellular medium. In the liver, the metabolites are 
excreted into the bile and placed into the small intestine where they are excreted or potentially reabsorbed. 
They can also be excreted into the blood and carried to the kidney to be excreted in the urine. 


RATIONALE: 
Correct Answer: 


(Option #1): Phase | reactions are mostly reduction, oxidation and hydrolysis, while Phase II reactions are 
mainly conjugation with other groups. 


Incorrect Answers: 


(Option #2): You may have the phases reversed. 
(Option #3, 4): Modifications such as reduction, oxidation and hydrolysis usually occur in the same phase. 


TAKEAWAY/KEY POINTS: 


Phase | reactions are mostly reduction, oxidation and hydrolysis, while Phase Il reactions are mainly 
conjugation with other groups. 


REFERENCE: 


[1] Rowland, M., & Tozer, T. (2011). Clinical pharmacokinetics and pharmacodynamics. Philadelphia: Wolters 
Kluwer-Lippincott William & Wilkins. 


The correct answer is: Redox and Hydrolysis, Conjugation 
Which of the following fluids is NOT a vector for drug excretion? 


Select one: 
Secreted Bile * 


Breast Milk» 
Tears X 

Gastric- ¥ 7 

Acid Rose Wang (ID:113212) this answer is correct. Gastric acid is generally not used as a 


vector for drug excretion. 
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Marks for this submission: 1.0/1.0. 
TOPIC: Pharmacokinetics and Biopharmaceutics 

LEARNING OBJECTIVE: 

To identify the different fluids that can act as vectors for drug elimination, 
BACKGROUND: 


Drug elimination refers to the irreversible process of removing drugs from the body. There are two main 
components of drug elimination: excretion and bioactivation. 


Excretion refers to the removal of the intact drug. Nonvolatile drugs can be excreted by the renal system, 
where the drug is filtered out by the kidneys and excreted by the urine. Nonvolatile drugs are bound to 
plasma proteins and can also be excreted into bile, sweat, saliva, or milk (lactation). Volatile drugs are 
excreted by the respiratory system and expired into the air. 


Bioactivation is the process in which inactive drugs or toxins are activated when metabolized by the body. 
This usually occurs when phase | enzymes, such as cytochrome P450, modify the parent drug or toxin and 
causes a chemical change that activates the xenobiotic. In the case of drugs, the parent is referred to as a 
prodrug and must be activated to produce their therapeutic effects. Bioactivation can also result in producing 
metabolites that are either less effective than the parent drug or toxin, or potentially more toxic and reactive 
than the initial xenobiotic. Bioactivation reactions are similar to those of phase | inactivation such as redox 
reactions. 

Rationale 

Correct Answer: 

(Option #4): Gastric acid is generally not used as a vector for drug excretion. 

Incorrect Answers: 

(Option #1): Drugs are secreted via bile in the liver. 

(Option #2): Drugs can be secreted in the milk of mothers. 

(Option #3): Drugs can be eliminated via tears. 


TAKEAWAY/KEY POINTS: 


Gastric acid is secreted by the pancreas and the stomach, and the drugs are not generally excreted in these 
regions. Drugs can be eliminated via bile, urine, sweat, tears, and the milk of mothers. 


REFERENCE: 


[1] Chapter 6. Drug Elimination and Clearance | Applied Biopharmaceutics & Pharmacokinetics, 6e | 
AccessPharmacy | McGraw-Hill Medical . (2019). Accesspharmacy.mhmedical.com. Retrieved 11 July 2019, 
from https://accesspharmacy.mhmedical.com/content.aspx?bookid=513&sectionid=41488024 


The correct answer is: Gastric Acid 


In this picture of a drug C, after oral administration, where is the rate of absorption equal to the rate of 
elimination 
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Marks for this submission: 1.0/1.0. 

TOPIC: Pharmacokinetics 

LEARNING OBJECTIVE: 

To identify pharmacokinetic graphical representations. 
BACKGROUND: 


Plasma concentration versus time graphs may educate the reader on many aspects of medication 
pharmacology. In this graph, point A is where the plasma concentration is on the rise. This is early on in the 
medication absorption process where the rate of absorption is greater than the rate of excretion. 


Point B is the peak of the curve where there is a brief period where the rate of absorption is equal to the rate 
of excretion or clearance. 
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Point C occurs after a steady state where the plasma concentration is decreasing. In this case, the rate of 
excretion is greater than the rate of absorption. 


Point E is where the drug is almost fully excreted from the body as the plasma concentration is very low. 
Point D is the area under the curve that has no relationship to the rate of absorption or excretion. 
RATIONALE: 

Correct Answer: 

(Option #2): At the peak of B, Absorption rate = Clearance Rate. 

Incorrect Answers: 


(Option #1): At A, the rate of absorption is faster than the rate of elimination. 
(Option #3): At C, the rate of elimination is higher than absorption. 
(Option #4): D refers to the AUC of the curve and has no bearing on elimination or absorbance rate. 


TAKEAWAY/KEY POINTS: 


The peak of a Cp versus time graph represents the point where the rates of absorption and excretion are 
equal. 


REFERENCE: 
[1] American Society of Health-System Pharmacists ASHP. Concepts in Clinical Pharmacology. 
The correct answer is: B 


What does the arrow indicated by D represent? 


PLASMA CONCENTRATION 


TIME 
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Area Under the Curve (AUC) 


Volume of Distribution % 
Peak plasma concentration * 


Marks for this submission: 1.0/1.0. 

TOPIC: Pharmacokinetics and Biopharmaceutics 
LEARNING OBJECTIVE: 

To identify pharmacokinetic graphical representations. 
BACKGROUND: 


Plasma concentration versus time graphs may educate the reader on many aspects of medication 
pharmacology. In this graph, point A is where the plasma concentration is on the rise. This is early on in the 
medication absorption process where the rate of absorption is greater than the rate of excretion. 


Point B is the peak of the curve where there is a brief period where the rate of absorption is equal to the rate 
of excretion or clearance. 


Point C occurs after a steady state where the plasma concentration is decreasing. In this case, the rate of 
excretion is greater than the rate of absorption. 


Point E is where the drug is almost fully excreted from the body as the plasma concentration is very low. 


Point D is the area under the curve that has no relationship to the rate of absorption or excretion. The area 
under the curve represents the total medication exposure to the patient. A higher AUC means more exposure 
to the drug. In linear kinetics, the AUC is proportionate to the total amount of drug the patient has absorbed. 


RATIONALE: 

Correct Answer: 

(Option #3): The arrow is pointing to the Area Under the Curve (AUC) 
Incorrect Answers: 


(Option #1): The Therapeutic Index is the ratio between the harmful and effective dosage of the drug and is 
not represented by the curve. 

(Option #2): The Therapeutic Window refers to the area between the MEC and MTC. It is a range of Cp. 
(Option #4): The volume of distribution is not represented on a blood concentration vs time graph. 
(Option #5): Point B represents the peak plasma concentration and D represents the AUC. 


TAKEAWAY/KEY POINTS: 
The area under the curve (AUC) represents the total drug expasure over time. 
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REFERENCE: 


[1] American Society of Health-System Pharmacists ASHP. Concepts in Clinical Pharmacology. 
https://www.ashp.org/-/media/store%20files/p2418-sample-chapter-1.pdf. 


The correct answer is: AUC (Area Under Curve) 


What is the relationship between the initial and maintenance doses in multiple oral dose administrations? 


Select one: 
m - Maintenance Dose 
Initial Dose Son toe Y 
Maintenance Dose = * = z 
Initial Dose Rose Wang (ID:113212) this answer is incorrect. The maintenance dose 
1- Fer should be smaller than the initial dose. 
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‘Marks for this submission: 0.0/1.0. 

TOPIC: Pharmacokinetics and Biopharmacokinetics 

LEARNING OBJECTIVE: 

To identify the relationship between the maintenance dose and the initial dose. 
BACKGROUND: 


Medications are seldom administered in a single dose to produce their desired effect. Medications are often 
administered in successive dosages to produce lasting and effective results. In a multiple-dosing regimen, 
each successive dose is administered before the preceding dose is completely eliminated. Thus the 
accumulation of the drug would occur within the body yielding higher plasma drug concentration. The initial 
dose is given to reach the desired Cp. Following this initial dose, a maintenance dose is given to maintain Cp 
in the therapeutic window, The accumulation factor is a measure of how much the drug accumulates. The 
Cra and the Cen are the minima and maximum plasma concentrations of the drug during multiple-dose 
treatments. The Cp average should be within the therapeutic window and remains the for a given dosage and 
time remains the same if the dosage is split into smaller frequencies, with a proportional decrease in dosage. 
Lengthening the dosage interval while increasing the dosage by the same proportion, allows maintenance of 
Cp average, but reduces min and increases max Cp, leading to a higher variation. 


The initial dose is related to the maintenance dose by the following equation: 
Initial Dose 


Maintenance Dose 
1e Keer 


Rationale 


Correct Answer: 


(Option #1): The maintenance dose divided by the rate of elimination would give you the initial dose for 
treatments. The initial dose is bigger than the maintenance dose. 


Incorrect Answers: 


(Option #2): The maintenance dose should be smaller than the initial dose 

(Option #3): The relation between maintenance and initial depends on the rate of elimination, not 
absorbance 

(Option #4): The maintenance dose should be smaller than the initial dose and takes into account the rate of 
elimination, not absorbance 


TAKEAWAY/KEY POINTS: 


The maintenance dose divided by the rate of elimination would give you the Initial Dose for treatments. The 
initial dose is bigger than the Maintenance dose. 


REFERENCE: 
[1] Rowland, M., & Tozer, T. (2011). Clinical pharmacokinetics and pharmacodynamics. Philadelphia: Wolters 


Kluwer-Lippincott William & Wilkins. 
Maintenance Dose 


The correct answer is: Initial Dose = Maintenance! 


During treatment with a drug that required multiple oral administration dosages, what would be the effect of 
decreasing the dosage and times between doses such that Cp average was maintained? 


Select one: 
Cymax would increase and C, min would increase % 
Cpmax would increase and Cp min would decrease X 
Cpmax would decrease and C, min would increase ¥ 
Cpmaxwould x z 
decrease and Cpmin Rose Wang (ID:113212) this answer is incorrect. The concentration 


would decrease range would decrease, not shift downward in the case of a dosage 
regimen time shortening. 
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TOPIC: Pharmacokinetics 

LEARNING OBJECTIVE: 

To understand the effects of dosing interval time on Cnaxand Coin 
BACKGROUND: 


Medications are seldom administered in a single dose to produce their desired effect. Medications are often 
administered in successive dosages to produce lasting and effective results. In a multiple-dosing regimen, 
each successive dose is administered before the preceding dose is completely eliminated. Thus the 
accumulation of the drug would occur within the body yielding higher plasma drug concentration. The initial 
dose is given to reach the desired Cp. Following this initial dose, a maintenance dose is given to maintain Cp 
in the therapeutic window. The accumulation factor is a measure of how much the drug accumulates. 


The Cmax and the Cmin are the minimal and maximum plasma concentrations of the drug during multiple- 
dose treatments. The Cp average should be within the therapeutic window and remains the same for a given 
dosage and time remains the same if the dosage is split into smaller frequencies, with a proportional 
decrease in dosage. Lengthening the dosage interval while increasing the dosage by the same proportion, 
allows maintenance of the Cp average, but reduces C, min and increases C, max, leading to a higher 
variation. Decreasing the dosage interval while decreasing the dosage by the same proportion allows 
maintenance of the Cp average, but decreases max and increases in Cp. 


RATIONALE: 

Correct Answer: 

(Option #3): The concentration range would decrease in the case of a dosage regimen time shortening. 
Incorrect Answers: 


(Option #1): The concentration range would decrease, not shift upward in the case of a dosage regimen 
time shortening. Also, the question maintains that the average would be the same, which is not the case with 
this option. 

(Option #2): The concentration range would decrease, not increase in the case of a dosage regimen time 
shortening. 

(Option #4): The concentration range would decrease, not shift downward in the case of a dosage regimen 
time shortening. Also, the question maintains that the average would be the same, which is not the case with 
this option. 


TAKEAWAY/KEY POINTS: 


By maintaining the average plasma concentration, decreasing the dosage regimen time would cause the 
concentration range to decrease. As such, the Cra would decrease and the Cwn will increase. 


REFERENCE: 


[1] Rowland, M., & Tozer, T. (2011). Clinical pharmacokinetics and pharmacodynamics. Philadelphia: Wolters 
Kluwer-Lippincott William & Wilkins. 


The correct answer is: Cp max would decrease and Cp min would increase 


Which of the following forms of IV administration would be mast effective at maintaining a relative constant 
Cp such as in the case of a drug with a very narrow therapeutic window? 


Select one: 


IV Bolus ¥ 


Iv Ca 


Infusion. Rose Wang (ID:113212) this answer is correct. An IV infusion is capable at the right rate 


of infusion to determine the C, at almost a constant level. 


IV Multiple Dose Administration 3 
IV Cycling * 


Marks for this submission: 1.0/1.0. 
TOPIC: Pharmacokinetics 

LEARNING OBJECTIVE: 

To identify which method of IV administration maintains an almost constant Cp level. 
BACKGROUND: 


Intravenous medication administration is the preferred route for emergency situations. The intravenous route 
has a number of advantages. The drug is delivered immediately upon the completion of a response 
requirement and since delivery is into a vein, there is a rapid onset of drug effects. Other advantages of IV 
administration include dependable and reproducible effects. Additionally, the entire dose reaches systemic 
circulation instantly. This leads to the availability of titrating doses to achieve specific responses. Some 
disadvantages of IV administration are the cost and labour intensiveness of administration compared to oral 
route for example. IV injection may cause infusion reactions and increase the risk of infection at the injection 
site. 


There are three forms of IV administration: bolus, infusion, and multiple dosing. An IV bolus dose is a large 
dose of the drug administered in one go, causing Cmax to be reached immediately. An IV bolus is incapable of 
maintaining the Cp and leads to a decline in the Cp below the therapeutic window. An IV infusion is the 
continuous administration of a medication at a constant rate. An IV infusion is capable at the right rate of 
infusion to determine the Cp at almost a constant level. itis helpful for drugs with high clearance or a narrow 
therapeutic index. IV multiple-dose administration has a wider range than IV infusion and causes an 
immediate spike in Cp. While capable of maintaining the Cp at a narrow range, a more stringent range 


necessitates a smaller dosage time. With a very narrow window, the dosage time might reduce to the point 
MER 
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RATIONALE: 
Correct Answer: 


(Option #2): An IV infusion is capable at the right rate of infusion to determine the Cp at almost a constant 
level. 


Incorrect Answers: 


(Option #1): An IV bolus is incapable of maintaining the Cp and leads to a decline in the Cp below the 
Therapeutic Window. 

(Option #3): While capable of maintaining the Cp at a narrow range, a more stringent range necessitates a 
smaller dosage time. With a very narrow window, the dosage time might reduce to the point that it is 
constant, as in infusion. Thus it is not the most effective method of maintaining a constant Cp. 

(Option #4): IV Cycling is not a recognized route of administration. 


TAKEAWAY/KEY POINTS: 


An IV infusion is capable at the right rate of infusion to determine the Cp at almost a constant level. An IV 
bolus and an IV multiple-dose administration are not as effective in maintaining Cp at almost a constant level. 


REFERENCES: 


[1] Rowland, M., & Tozer, T. Clinical pharmacokinetics and pharmacodynamics. Philadelphia: Wolters Kluwer- 
Lippincott William & Wilkins. 


[2] Winter ME. Basic Clinical Pharmacokinetics. Vol 5th ed. Philadelphia: Wolters Kluwer/Lippincott Williams & 
Wilkins Health. 


The correct answer is: IV Infusion 


In a multicompartment model, what is the slow phase limited by? 


Select one: 
Direct elimination from the main compartment * 


Transfer from the peripheral ¥ 
compartment to the main 
compartment 


Rose Wang (ID:113212) this answer is correct. The slow phase is 
limited by the transfer rate from the peripheral compartment to 
the main compartment. 


Absorption from the source % 


Absorption to the peripheral compartment * 


Marks for this submission: 1.0/1.0, 

TOPIC: Pharmacokinetics 

LEARNING OBJECTIVE: 

To identify the rate-limiting step of the slow phase of the multicompartment model. 
BACKGROUND: 


In a two-compartment model, medications that are administered are distributed into a central compartment 
and a second peripheral compartment. It divides the body into homogenous areas, each with a separate rate 
of distribution. The central compartment is usually blood and well-perfused organs (liver, kidney, etc.) and 
the secondary compartment is poorly perfused tissues (muscles, fat, lean tissue). The central compartment is 
where elimination occurs and is in equilibrium with the peripheral compartment. The slow phase of the 
multicompartment model, which is the equilibrium between the central and peripheral compartments, is 
limited by the transfer rate from the peripheral compartment to the primary compartment. The two- 
compartment model is modelled with the following formula: 


Ci = C1 -®t + Ca -et 
RATIONALE: 
Correct Answer: 


(Option #2): The slow phase is limited by the transfer rate from the peripheral compartment to the main 
compartment. 


Incorrect Answers: 


(Option #1): This is the rate limitation for the fast phase, not the slow phase. The slow phase is limited by the 
transfer rate from the peripheral compartment to the main compartment. 

(Option #3): The absorption from the source occurs directly to the main compartment and is constant 
throughout the process. The slow phase is limited by the transfer rate from the peripheral compartment to 
the main compartment. 

(Option #4): Absorption does not occur directly in the peripheral compartment, but rather in the main 
compartment, which transfers the drug to the peripheral compartment. 


TAKEAWAY/KEY POINTS: 
The slow phase is limited by the transfer rate from the peripheral compartment to the main compartment. 
REFERENCE: 


[1] Rowland, M., & Tozer, T. Clinical pharmacokinetics and pharmacodynamics. Philadelphia: Wolters Kluwer- 
Lippincott William & Wilkins. 


The correct answer is: Transfer from the peripheral compartment to the main compartment 


What would a line comparing the rate of clearance over time resemble for a drug with first-order kinetics 
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Select one: 
A flat line % 
A line with`a positive slope % 
A linewith Y 
anegative Rose Wang (ID:113212) this answer is correct. A single dose IV bolus with first-order 
P kinetics would have a negative slope for the rate of clearance as the rate falls as 
more and more drug is eliminated. 
A parabola * 


Marks for this submission; 1.0/1.0, 

TOPIC: Pharmacokinetics 

LEARNING OBJECTIVE: 

To identify the appearance of a first-order kinetics graph. 
BACKGROUND: 


IV administration is the most direct method of administering medication into the systemic circulation. It is 
ideal for immediate effects and for ill-absorbed medications. IV administration is independent of the rate of 
absorption as absorption is immediate. Single-dose IV bolus involves a large dose of the drug being 
administered in one dose. This causes the drug Cmax to be reached immediately. Single-dose IV bolus can 
follow either zero or first-order clearance. The zero-order clearance graph would be a flat line as the rate of 
clearance is independent of the drug concentration. A single dose IV bolus with first-order kinetics would 
have a negative slope for the rate of clearance as the rate falls as more and more drug is eliminated. 


RATIONALE: 


Correct Answer: 


(Option #3): A single dose IV bolus with first-order kinetics would have a negative slope for the rate of 
clearance as the rate falls as more and more drug is eliminated. 


Incorrect Answers: 


(Option #1): A flat line would indicate zero-order kinetics. 

(Option #2): A positive slope would not be observed for the rate of clearance. 

(Option #4): A parabola is not seen in rates of elimination as it would indicate the range changes 
quadratically in a first-order model. 


TAKEAWAY/KEY POINTS: 


A single dose IV bolus with first-order kinetics would have a negative slope for the rate of clearance as the 
rate falls as more and more drug is eliminated. 


REFERENCE: 


[1] Rowland, M., & Tozer, T. (2011). Clinical pharmacokinetics and pharmacodynamics. Philadelphia: Wolters 
Kluwer-Lippincott William & Wilkins. 


The correct answer is: A line with a negative slope 


What percentage of the steady-state is reached after 8 hours in an |V-infused drug with a t12 of 2 hours? 


Select one: 
50% X% 
75% X 7 
ze Wang (ID:113212) this answer is incorrect. 75% of the steady-state is reached afier 2 1 
87.5%% 
94% 


Marks for this submission: 0.0/1.0. 

TOPIC: Pharmacokinetics and Biopharmaceutics 

LEARNING OBJECTIVE: 

To identify the relationship between half-life and the steady-state principle. 
BACKGROUND: 


As a drug is administered continuously or intermittently, the drug will begin to accumulate in the body. 
However, it will not accumulate indefinitely and will eventually reach a plateau and constant plasma drug 
concentrations. This is known as the steady-state principle and is a first-order process. Any 1st order process 
requires approximately five half-lives to be completed and thus requires five half-lives to reach the steady- 
state drug concentrations. 50% of the steady-state is reached after 1 half-life, 75% after two half-lives, 87.5% 
after 3 half-lives, 94 % after 4 half-lives, and 97% after five half-lives. A maintenance dose is given to establish 
or maintain steady-state plasma concentration and optimal dosing regimens maintain this concentration 
within the drug therapeutic window. Steady-state equilibrium is reached when the rate of elimination = the 
rate of drug administration. Steady-state plasma concentration (C.) is affected by drug bioavailability (F), 
clearance(Cl), dose, and dosing interval{t). The formula for calculating Css is as follows: 


mn — Fedose 


er 
RATIONALE: 

Correct Answer: 

(Option #4): 94% of the steady-state is reached after 4 ¥ lives. 
Incorrect Answers: 


(Option #1): 50% of the steady-state is reached after 1 ¥ life. 
(Option #2): 75% of the steady-state is reached after 2 ¥ lives. 
(Option #3): 87.5% of the steady-state is reached after 3 1⁄2 lives. 


TAKEAWAY/KEY POINTS: 


Any 1st order process requires about five half-lives to be completed and thus requires five half-lives to reach 
the steady-state drug concentrations. 50% of the steady-state is reached after 1 half-life. 75% after two half- 
lives, 87.5% after 3 half-lives, 94 % after 4 half-lives, and 97% after five half-lives. 


REFERENCE: 


[1] Rowland, M., & Tozer, T. (2011). Clinical pharmacokinetics and pharmacodynamics. Philadelphia: Wolters 
Kluwer-Lippincott William & Wilkins. 


The correct answer is: 94% 
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